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 Abstract. Biowaste are a permanent subject of concern for environmental integrity and 
maintenance and human and animal health, due to their very high organic load and potential risk of 
pathogenic contamination. The paper presents briefly the process of anaerobic digestion as a treatment 
possibility for hygenisation and organic matter decomposition of biowaste (liquid manure and agro-
industrial waste) with production of the energy rich biogas and of the digestion products which can be 
use as fertilizer. There are presented the hygienisation possibilities of the liquid manure and waste 
from agro-industry and the EU regulations to be considered at biogas plants construction and approval. 
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INTRODUCTION 
 
 Animal husbandry activities, waste accumulation, excessive use of resources are 
activities having an important influence upon human and animal health and upon integrity of 
the environment. The major problems, emerging from a poor management of manure and 
organic waste are emissions of greenhouse gases, leaching of nutrients and organic matter in 
the soil and pathogenic contaminations. 
 The anaerobic digestion process of organic wastes (bio-waste), animal manure or in 
co-digestion with wastes emerging from the agro-industrial processing of food, gained in the 
last decade increased recognition due to its advantages. Its contribution to the reduction of the 
green house gases (GHG), the production of biogas, respectively “clean” energy, pathogen 
reduction through sanitation of the treated streams provides to the process of anaerobic 
digestion a unique and integrative potential, acting simultaneously as a waste treatment and 
recovery process (Braun, 1997). 
The recognition of the permanent need for technical and economical efficiency in the 
allocations and exploitation of resource, as well as the need of the decisional factors to 
reconsider and improve the legal frame, in order to ensure environmental protection, human 
health and decrease threats to air, land, and water quality, is reflected by the Waste 
Management Policy (Marchaim, 1996). Its fundamental aims are to harmonise the regulations 
operating in the waste sector and to encourage more sustainable waste management practices. 
Reported to its potential, the use of biogas technology in the agricultural waste 
management in Romania is relatively seldom, although two decades ago the yearly biogas 
production was estimated to be of 85000 m3 (Minerie, 2009). 
The role and importance of the biogas as an energy resource and its contribution to 
provide economic sustainability, by ensuring agricultural and rural development and 
environmental protection is vital, as recognized in the Report on sustainable agriculture and 
biogas (2007/2109(INI) adopted at the begin of 2008. According to this report, the production 
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of biogas by treating manure, sludge and municipal, animal and organic waste can contribute: 
- to energy diversification and therefore to the security, competitiveness and 
sustainability of energy supplies, providing farmers also with new income possibilities; 
- to achieve the binding target of 20% renewable energy in overall EU energy 
consumption by 2020, an thereby, in long term, together with other renewable energy 
source a higher degree of independence from fossil-fuel energy sources. 
The environmental, energy-efficiency and sustainability is emphasised or stressed in 
the report due to the advantages of biogas production with regard to:  
- greenhouse gas emission reduction, due to reduction of methane, CO2 and nitrous 
oxides emissions; 
- possibilities of pathogen reduction through sanitation (hygienisation) of slurry, but 
stressing of the potentially threat to public and health environment of nocive organisme 
and compounds in the animal manure, municipal waste and agro-industrial waste and 
therefore the urging of ensuring of adequate precautions to be taken to avoid 
contamination and spreading of the substances and any diseases that could be induced; 
- reduced unpleasant odours and disease vectors; 
- improved efficiency of fertilization.  
 Biogas production based on animal manure, sludge and animal and organic waste 
should be prioritized due to its unequivocal sustainability and environmental benefits.  
The necessity of support of the biogas technology, as reported and stipulated by EU 
Commission for Agriculture and Rural Development requires a start-up support, at least until 
the sector became commercial viable, after the example of the German Renewable Energy 
Act. There is also need for the developing of a coherent biogas-policy by promoting the most 
efficient ways to use European funds and programs as well as giving best practices examples.  
 
ANAEROBIC DIGESTION OF BIODEGRADABLE WASTE 
 
 The anaerobic digestion is a complex process in which biodegradable material is 
broken down by microorganism in the absence of oxygen. The process, which occurs 
naturally in marshes, spontaneously in landfills or in closed vessels (bio-reactors) begins with 
the decomposition/break down of the insoluble organic polymers (carbohydrates, fats, 
proteins) from the input materials under bacterial hydrolysis. The resulted compounds 
(sugars, fatty acids, amino acids) are transformed by acidogenic bacteria into carbon dioxide, 
hydrogen, ammonia, and organic acids, which are further converted by acetogenic bacteria 
into acetic acid along additional ammonia, hydrogen, and carbon dioxide. Methanogenic 
bacteria are converting these products to methane and carbon dioxide. The end products of the 
anaerobic digestion are the digested material and the biogas, which contains methane (50-
75%), carbon dioxide (25-50%), small amounts of hydrogen and hydrogen sulfide, as well as 
small water vapors amounts. The biogas composition depends on the organic material 
suppose to the treatment. 
High organic loaded wastes (biogenic waste) are suitable for treatment by anaerobic 
digestion, with biogas production and digestion products that can be used as fertilizers. 
Anaerobic digestion is suitable for the treatment of almost all biogenic waste as:  
- animal manure; 
- municipal organic solid wastes (if selected collected); 
- industrial and trade waste, food industry waste, animal- and slaughterhouse wastes; 
- agro-industrial processing waste; 
- renewable primary products. 
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The biogas production and its methane contents depend on the feedstock type and 
composition (Tab. 1). 
Tab. 1 
Composition of the feedstock and biogas yield (FM-fresh matter, TS-total solids, TOS-total organic solids) 
and methane contents (FNR, 2009) 
 
Biogas Yield 
Feedstock 
 
TS 
[%] 
TOS 
[% TS] N 
NH4 
[% TS] P [m³/t FM] 
[m³/t 
TOS] 
CH4 
Content 
[Vol.-%] 
Farm fertilizer 
Bovin liquid manure 8-11 75-82 2,6-6,7 1-4 0,5-3,3 20-30 200-500 60 
Swine liquid manure ca. 7 75-86 6-18 3-17 2-10 20-35 300-700 60-70 
Bovin manure ca. 25 68-76 1,1-3,4 0,22-2 1-1,5 40-50 210-300 60 
Swine  manure 20-25 75-80 2,6-5,2 0,9-1,8 2,3-2,8 55-65 270-450 60 
Chiken  manure ca. 32 63-80 5,4 0,39 n. a. 70-90 250-450 60 
Renwable primary products 
Maize silage 20-35 85-95 1,1-2 0,15-0,3 0,2-0,3 170-200 450-700 50-55 
Rye silage 30-35 92-98 4,0 0,57 0,71 170-220 550-680 ca. 55 
Sugar beet 23 90-95 2,6 0,2 0,4 170-180 800-860 53-54 
Fodder sugar beet 12 75-85 1,9 0,3-0,4 0,4 75-100 620-850 53-54 
Beet leaf 16 75-80 0,2-0,4 n. a. 0,7-0,9 ca. 70 550-600 54-55 
Grass silage 25-50 70-95 3,5-6,9 6,9-19,8 0,4-0,8 170-200 550-620 54-55 
Substrate of the processing agro-industry 
Draff 20-25 70-80 4-5 n. a. 1,5 105-130 580-750 59-60 
Slops (cereals) 6-8 83-88 6-10  3,6-6 30-50 430-700 58-65 
Slops (potatos) 6-7 85-95 5-13  0,9 36-42 400-700 58-65 
Slops (fruits) 2–3 ca. 95 n. a.  0,73 10-20 300-650 58-65 
Pulp (fresh) ca. 13 ca. 90 0,5-1 0,04 0,1-0,2 80-90 650-750 52-65 
Process water 1,6 65-90 7-8 0,6-0,8 2-2,5 55-65 3000-
4500 
50-60 
Molasses 80-90 85-90 1,5  0,3 290-340 360-490 70-75 
Marc 40-50 80-90 1,5-3  0,8-1,7 250-270 640-690 65-70 
Municipality organic waste / Slaughterhouse waste 
Bio-waste 40-75 50-70 0,5-2,7 0,05-0,2 0,2-0,8 80-120 150-600 58-65 
Leftover and overlaid 
food  
9-37 80-98 0,6-5 0,01-1,1 0,3-1,5 50-480 200-500 45-61 
Market waste 5-20 80-90 3-5 n. a. 0,8 45-110 400-600 60-65 
Fat from grease 
separators 
2-70 75-93 0,1-3,6 0,02-1,5 0,1-0,6 11-450 700 60-72 
Stomach contents 
(Swine) 
12-15 75-86 2,5-2,7 n. a. 1,05 20-60 250-450 60-70 
Ruminal content 11-19 80-90 1,3-2,2 0,4-0,7 1,1-1,6 20-60 200-400 58-62 
Flotate sludge 5-24 80-95 3,2-8,9 0,01-
0,06 
0,9-3 35-280 900-1200 60-72 
Lop and lawn cut         
Lop ca. 12 83-92 2-3  1,5-2 150-200 550-680 55-65 
 
 The factors influencing the biogas production, the methane yield, respectively the 
anaerobic digestion, are: the chemical composition of the substrate, the pH-value of the 
substrate and of the process, the process temperature, the hydraulic retention time, input 
volume/quantity, reactor’s design and homogenisation type.  
For the chemical composition of the input substrate, essential is the moisture content, 
the C:N rate and the microelements content. In order to have a stable process, the C:N ratio 
should be between 20 to 30:1. A nutrient balance provided by a C:N:S:P rate of 600:15:5:1 
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should be sufficient for the bacterial supply (F.N.R, 2009). An improved digestion can be 
obtained when a variety of substrate are co-digested instead of a single waste type, due to the 
possible improvement of nutrient ratio TOC:N:P, which should be optimally at  300:5:1 
(Braun and Wellinger, 2003). Inhibitory components of the process can be the emerging 
compounds from the feedstock during the anaerobic digestion, due to an unbalanced nutrient 
ratio (increased volatile fatty acids and ammonium concentration), as well as feed additive or 
compounds as antibiotics. 
The optimal pH-value for an optimum activity of the bacteria, in the digesting unit, is 
between 6,5 and 8 (Wellinger, 1991). 
The process can be run at temperatures between 25 and 45°C- mesophile digestion- or 
between 45 and 65 to 70°C – thermophilic digestion. The process temperature influences the 
degree and rate of the organic matter decomposition (higher for the thermophilic operating 
type, although sometime not so stable) and the degree of hygenisation or sanitation of the 
waste.  
 
ANAEROBIC DIGESTION - HYGENISATION OR SANITATION POTENTIAL FOR 
MANURE AND AGRO-INDUSTRIAL WASTE 
 
 Health issues related to manure and generally waste management.  
Through anaerobic digestion of bio-waste energy rich biogas is produced, whereas the 
nutrients (N, P, K, S, etc.) are retained in a stabilised residue. In order to be used as soil 
fertilizer, this has to be free from pollutants and harmful microorganisms. Otherwise serious 
problems can occur for public health, livestock health, farmer’s staff health and food quality. 
The pathogenic agents from manure and bio-wastes are bacteria, fungi, viruses and 
parasites. Other risks with hazard potential developing in the case of inadequate waste 
management are the odours, allergenic factors, chemical compounds. 
Diseases transfer mechanisms, after Burton and Turner, 2003, are due to: 
- the recycling of the animal manure and sludge to agricultural land which represents a 
potential risk for: contamination of the environment with enteric pathogens, entering the food 
chain or infecting livestock.  Animal manure contains a variety of different pathogenic 
microorganisms: bacteria: Salmonella spp., Campylobacter spp., E. coli O157 and other  
E. coli strains), parasitic protozoa (Cryptosporidum parvum, Giardia lamblia) and viruses. 
- spreading of livestock slurries, which may be a source of pathogen transfer to ground 
water, surface and soils. Slurry or waste water from livestock facilities stored close to surface 
water courses produce serious water pollution; 
- dust from animal housing (originated from feed, bedding material, from animal 
themselves), which leaving the house by way of exhausting air is distributed in the 
surroundings. 
Through anaerobic digestion of manure a considerable reduction of the majority of such 
pathogens is possible, as shown in laboratory and practice experiments (Wellinger, 1991). By 
anaerobic digestion, while temperature and residence time of the material essential role plays: 
- about 95 % of the pathogenic bacteria are killed at retention time of more than 15 
days;  
- annihilating of the viruses is overlaying to the anaerobic treatment (when temperature 
is over 30°C); 
- types of fungi are hardly reduced. 
 The reduction of pathogens is achieved in both, mesophilic and termophilic anaerobic 
digestion, but under mesophilic conditions, which is more common in the praxis, the 
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reduction effect is much reduced compared to thermophilic temperatures operation  
 When experimented in batch system (discontinuous operation) (35°C): 
- survival of E. Coli and Salmonella was reduced to 10 days;  
- survival of Shigella dysenteriae was of 5 days; 
- survival of Streptoccoccus faecalis was of 15 days. 
 Enterobacterial counts, by surveillance of a plant from practice operated under 
mesophilic condition, emphasesed reduction of 90%. For enteroviruses the reduction was of 
99 %. The treatment had no effect on Ascaris ova. By thermophilic anaerobic digestion the 
counts of enterobacteria, thermo-tolerant coliforms and faecal streptococci were reduced 
below 104 per litre, cytopathic viruses were rendered undetectable and Ascaris suum ova lost 
viability within four hours. The thermophilic anaerobic digestion process is better for 
pathogens reducing and inactivating (Burton, 2003).  
Other experiments made for 6 different slurry treatment plants (Martens, 1998) 
showed that at temperatures over 55°C, there was achieved a logarithmic reduction of the 
tested Picorna viruses (ECBO-Virus resp. ERV) within few hours. The tested Salmonellae 
were inactivated in parallel. For the fecal streptococci resulted a titer reduction of more than 4 
power of ten within 24 hours and for the Parvovirus the reduction was sometimes under 3,5 
power of ten and remained detectable up to the end of the tests. 
The recommendation for the treatment of liquid manure by mesophilic anaerobic 
digestion is the connection of a pasteurization step (70 °C for one hour), with regard of the 
better process stability compared to the mesophilic operation (Doll, 1998). The 
recommendation is generally recognized. 
The anaerobic digestion as a treatment step for manure and manure anaerobic co-
digestion with other industrial waste resulted at the processing of agricultural products are 
subjects of the EU legislation and of national legislation and technical guidelines concerning: 
landfill, soil protection, groundwater protection, waste collection and treatment, human and 
animal health, waste recovery. Actually the biogas production is promoted by the EU 
legislation and the member countries legislation. 
For the anaerobic co-digestion, there are specific regulations, with regard to the source 
and composition of the bio-waste, with the aim of human, health and environmental 
protection. The conversion route of the biogenic waste resulting from animal production and 
food production, with pointing out of EU regulation regarding the animal by-products are 
presented in the Fig. 1. 
According to the Animal By-Products (ABP) Regulations (EU 1774/2002) the waste 
are classified in three categories. The products of very high risk - category 1 of ABP (BSE 
carcasses and suspect, specified Risk Material, catering from international transport) have to 
be destroyed. The ABP of category 2 and 3 can be treated by anaerobic digestion, as well as 
composting, but for the plant approval there must be fulfilled conditions stipulated by the 
article 15 of the EU Regulation (1772/2002) and furthermore by the national regulation. A 
brief view of the requirements of anaerobic digestion of ABP waste is presented in the Fig. 1, 
with regard of the re-use dimension and contribution to clear energy production. 
For the digestion products of the category 2 (manure and gut contents), where no 
pretreatment is required before anaerobic digestion, there is recommended (in some countries 
even foreseen by national regulation - veterinary authorities) a hygienisation step in order to 
get the approval for placement on the market and trade as soil fertilizer. 
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Fig. 1. Schematic representation of anaerobic digestion of bio-waste (manure and agro-industrial waste) 
regarding the EU directive 1772/2002 requirements for biogas plant approval 
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